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The U. S. Department of Energy’s (DOE)
BestPractices Steam program is developing
software tools to assist industrial energy users to
improve the efficiency of their steam systems.
Many steam systems offer energy savings
opportunities that can amount to 10% to 20% of
fuel costs.

In December 2002, BestPractices Steam released
a major new software tool—the Steam System
Assessment Tool (SSAT). SSAT is designed to
allow steam analysts to develop approximate
models of real steam systems. Using these models,
SSAT can be applied to quantify the magnitude—
energy, cost, and emission savings—of key
potential steam improvement opportunities. SSAT
is a reliable screening tool that contains the key
features of typical steam systems. The tool is
designed for use by engineers who operate or
improve the operations of steam systems.

SSAT was developed for DOE, under contract
with the Oak Ridge National Laboratory, by
Linnhoff March and Spirax Sarco, Inc.

This paper discusses the most important
characteristics of SSAT, and describes the
process used to develop the initial version of
the tool that was released in December 2002.
Major benefits that can result from using SSAT
are then presented. Finally, future activities
related to training on the use of SSAT and future
modifications to the software are discussed.

Evaluating the “What-If” Steam System
Improvement Scenarios

An accurate way to analyze potential steam system
savings is to build a model of a steam system and
to then use that model to evaluate “what-if” steam
system improvement scenarios. SSAT is designed
to model steam systems in this way. SSAT uses a
graphical model of a generic steam system for up
to three steam pressure headers: high, medium,
and low. These types of major steam system
equipment can be simulated using SSAT:

* Boilers

* Backpressure turbines

* Condensing turbines

* Deaerators

* Steam traps, leaks, insulation losses
* Letdowns

* Flash vessels

* Feedwater heat exchangers.

SSAT users can enter data for their plant
conditions. This includes fuel type and cost,
electricity and water costs, initial boiler efficiency,
header pressures, turbine efficiencies, etc. Then,
they can then evaluate “what-if”” scenarios for the
following types of key improvement opportunities:

* Using an alternative boiler fuel

* Improving boiler efficiency

* Reducing boiler blowdown rate

* Changing steam generation conditions

* Installing a blowdown flash system to produce
low-pressure steam

* Installing new backpressure turbine(s)
* Installing a new condensing turbine

* Installing new heat recovery exchangers to
preheat feedwater

* Increasing condensate recovery

* Reducing steam trap losses and losses from
steam leaks

* Reducing pipe work insulation heat losses.

SSAT software runs as an add-in within
Microsoft® Excel spreadsheet software.
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Three initial software templates are provided with
the software for “1-header,” “2-header,” and “3-
header” pressure template models. These models
are Excel files (*.xls) that require the SSAT
software to be loaded to function properly.

Each of the SSAT model templates includes six
worksheets: Input, Model, Projects Input, Projects
Model, Results, and User Calculations. The major
functions of these six worksheets are described
below.

* The Input worksheet allows the SSAT user to
enter data specific to the operation of a given
steam system. Upon installation, the SSAT
template files provided already contain default
data, but this data can be overwritten for the
steam system being modeled. Appendix 1
illustrates a portion of the Input sheet for the
3-header template model.

* The Model worksheet shows a schematic of
the steam system being modeled that is based
on the data entered in the Input worksheet.
Appendix 2 shows the Model schematic for the
3-header template model.

The Projects Input worksheet allows the
SSAT user to select one or more pre-defined
steam improvement projects to evaluate.
Appendix 3 illustrates a portion of the Projects
Input worksheet for the 3-header template.
The SSAT user, for example, could evaluate
the potential for implementing “Project
2—Change Boiler Efficiency” by changing the
existing boiler efficiency to a new value and
determining how this changes energy, cost, and
emissions values for the steam system being
modeled.

* The Projects Model worksheet is similar to
the Model worksheet discussed above except
that the schematic now shows the updated
steam system conditions for the projects
specified in the Projects Input worksheet.

The Results worksheet shows the key

energy, cost, and emissions results for the
initial system conditions, specified in the
Input worksheet, and the system conditions
resulting from implementing steam system
opportunities, specified in the Projects Input
worksheet. As shown in Appendix 4, the
results are presented in tabular form, allowing
the SSAT user to quickly assess the impact of
any proposed changes to their steam system.
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* Finally, SSAT includes a User Calculations
worksheet, with which the software user can
perform any supplemental calculations that
might be needed for using SSAT.

Developing the Initial Version

The SSAT Software Development Team consisted
of the authors of this paper. The effort to develop
the SSAT software was initiated in March 2002.
At that time, a meeting was held to discuss the
following topics:

* Overall purpose for the software
* Software inputs and outputs
* Details of the software structure

* Software usability to ensuring that SSAT would
be made as simple to use as possible

*How software verification calculations would be
performed

* How technical review of the beta version of the
software will be conducted

* Development of an outline for the software users
guide.

Based on the March 2002 meeting to set the initial
SSAT software requirements, the first beta version
was completed in early July 2002. At that time,

a number of steam system experts were asked

to perform a technical review of the software.

The experts and organizations that performed

the SSAT software technical review are listed

in the Acknowledgements section of this paper.
The technical reviewers were given 2 months to
provide their technical review comments on the
software.

To verify the accuracy of the SSAT modeling
approach, Dr. Greg Harrell performed SSAT
calculations for sample problems that are
contained in the Steam System Survey Guide (1).
Agreement between the guide’s results and the
SSAT results was excellent.

The SSAT Software Development Team responded
to the comments from the technical reviewers. At
the same time that final software modifications
were being made, the SSAT Users Guide (which is
available as a PDF file and as a “Help” file within
the software) was completed.



The SSAT software was initially released

through the DOE BestPractices Web site at
www.eere.energy.gov/industry/bestpractices in
December 2002. A stand-alone CD version of the
software was released in January 2003. The SSAT
is also included on the Decision Tools for Industry
CD, which contains all of the DOE BestPractices
software tools.

SSAT Benefits

In designing SSAT, efforts by the Software
Development Team focused on ensuring that it
would be a useful tool for identifying opportunities
to improve steam systems. The key benefits of
using the SSAT are described below:

*The SSAT can be used to model the major
improvement opportunities that are typically
possible in steam systems. In addition, SSAT can
model more than one opportunity at a time, so
that the user can see how multiple opportunities
affect the results.

* The SSAT was designed based on the “80/20”
principle. It was developed to be powerful
enough to model major steam improvement
opportunities, but was kept simple by not
attempting to model all potential steam
improvements.

*The SSAT data input interface is simple to use.
For many real steam systems, it is expected that
a system model can be set up in a few hours or
less.

* The SSAT has models for estimating both on-
site and off-site emissions. The user can see
how reducing fuel use affects on-site emissions
of CO,, SOk, and NOx. Including both on-site
and off-site emissions can be very important
for modeling the environmental effects of
generating on-site power using backpressure
turbine generators.

* In addition to being a steam system analysis tool,
the SSAT can also be used as a training tool. The
Model and Projects Model graphical worksheets
illustrate how various modeling changes
influence the steam system being modeled SSAT
is a true system-modeling tool.

More to Come!

As of July 2003, there are more than 1,300
registered users of SSAT software.

The BestPractices Steam program presents 1-day
steam End User training, where SSAT examples
are presented. In addition, a BestPractices Steam
Qualified Specialist training program has been
developed to qualify users who want to become
experts in the use of SSAT software and other
BestPractices Steam tools.

It is expected that there will be future versions of
SSAT released, based on feedback from users of
the software. Updates will include corrections to
any modeling errors discovered, and will perhaps
include additional or enhanced modeling based on
user feedback.

Summary and Conclusions

SSAT is a major addition to the overall “toolbox”
that the DOE BestPractices Steam program has
developed for the steam user community. Use of
SSAT is expected to greatly enhance the awareness
of the many opportunities that are available for
improving the efficiency and productivity of steam
systems.
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Appendix 1. SSAT “Input ” Worksheet, 3-Header Template (Full Sheet Not Shown)

Steam System Assessment Tool
3 Header Model

Data Entry Form for Current System

The data entry form s spiit into two seclions. “Cuick Start” enables you to enter a minimum amount of
information about your site and to start modeling your system right away. "Site Detail” allows you lo provide
more detailed information about your site o improve the accuracy of the model,

Yellow shaded calls require user input.

Where different options can be chosen by the user, the required supplementary data input cells are shaded
green and ane indicated by rod arrows .

Quick Start
[Entar Caso Description | SSAT Dredaull 3 Headar Modal |
Site Data input Data e Noles/Warnings
Sie Pt ImMport [+ for mmport. - far expon) 5000 KW Pt mporl + Sile generdted povesr = s Shecinca) demand

Site Power Cosl 0.0700 S&Vh Typical 2002 wvalkea: 50007k
Operating hours per yoar BOOD hes

Site Make-Up Waler Cost 01,0025 Sigalion Typical 2002 value: $0.002%/gallon
Faka-Up Water Temparature 50 F

L] Em:;m“nwmmdmm

Boder fuel - Choosa from this drop-down list Warturad Grs -l
el 1000 5.cu.fl | 500 % | 2002 vahm 1,000 5 cu.f) |
Hole: Fuel HH4 15 1.000 B per 5.0l {21,032 Bt
input Data Warnings
00 psig
150 paig
20 paig
50 kibvh
100 Kb
200 ki
bicte Frober pootes aleort owe ol e easen beeel Fochbes Seilmes leldinr boaks Bog bdsey doseintoe alemb s eeily
Steam Turbines =
Doy o heive @ sbeaem furbine inatalled batessn HP and LP? i v
Do you have & sbeam turbine installied betwean HP and MF? fes W |
Do you harve @ staam furbing installed botwosn WP and LP? ] [
Doy youl haivd i HIP [0 condensing lurbine installed 7 Ko -
[~}

[ Cption 1 - Faued power generaion
1-"."'..- Fed sl i Fhoaa

g
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Appendix 3. SSAT “Projects Inputs Worksheet 3-Header Template (Full Worksheet Not Shown)

Steam System Assessment Tool
3 Header Model

Projects Entry Form

Use this form to specify improvement projects. These projects will then be modeled and compared to the existing)
operation,

Project 1 - Use an Alternative Fuel
Esistineg Boiler Fusl : Matural Gt Fuel Cost - $0.005)s cuf

[ Do you wish to specify an altarnative fuel? Mo -

F'H.' mhmmﬂ1ﬂi1$hwﬂl1lilimﬂl

Project 2 - Change Boikor Efficiency
Exiating Etficiency - B5%

| Do you wesh to specify 8 new bodar sfficiency? Mo -
Fiote: A e s of il Apct DPON 1 10 Model P et of ataling B scosomite by creasing the efficeacy

Pt Tmhﬂhmmmmm:ﬂn-m

Project 3 - Change Boiler Blowdown Fate
Sxising Siovidovn Figle : $%

| Do you wesh o specify 5 new bofer Bimwisown rate? ™ -

[ yws. arinr now e (% of fosdwries fow) | 1% 1 |

Project 4 - Blowdown Flash o LP
Mot currently instalied

[ Do you wesh ko modify the blowdown flash system? Ciption = o change

14

Project § - Change Steam Generation Conditions
Exising Conditions - 600 psig. Suparhaated steam al S84 F

| Do you wish to change the HP sieam generation conditions? Option 3 - Mo dronge v

[CCpiion 1 - Enler temperature l [N | |

HMode. Baburabaon espersiuvee 8l specded HF pressore (50 pasy) i 430 F

| Cption 2 - Enterthermodynamicqualty | 995 %oy | 1
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Appendix 4. SSAT “Results ” Worksheet, 3-Header Template (Full Worksheet Not Shown)

Steam System Assessment Tool -

Be !-'.tP.rnzll ct |-.' =18

3 Header Model

Bciaris Do Rl Tl P .._I_—-* S
T B

Resiults Summary s
[ SSAT Default 3 Header Model |
Model Status - OK
[ CumeniOperstion | AMor Projects Reduction |
T.800 2,800 5] 0%
Ll Cosi TOETI 20,8713 =] 0.0%
Wi Coal 451 451 =] 0%
Codl in § FTRFT] ] ] [
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